Childhood generalized and mesial temporal epilepsies demonstrate different amounts and patterns of hippocampal neuron loss and mossy fibre synaptic reorganization.
In this study, we determined whether childhood seizures were associated with hippocampal neuron loss and mossy fibre synaptic reorganization and if hippocampal sclerosis evolved from longer seizure histories. Children undergoing surgical treatment for catastrophic epilepsy were grouped into the following pathology categories: (i) those with generalized seizures and extra-hippocampal congenital pathologies (i.e. prenatal cortical dysplasia; n = 17); (ii) cases of generalized seizures and extra-hippocampal acquired lesions. (i.e. postnatal ischaemic injuries and encephalitis; n = 7); (iii) children with complex partial hippocampal epilepsy (n = 4). Further, to determine whether the epileptogenic location influenced hippocampal pathology, the seizure focus was classified as (i) hippocampal, (ii) temporal (n = 13) or (iii) extra-temporal (n = 11). Surgical and autopsy (n = 23) hippocampi were studied for (i) fascia-dentata (FD) and Ammon's horn (AH) neuron densities; (ii) thickness; height or length of the FD molecular layer, stratum granulosum (SG) and stratum pyramidale; and (iii) grey value (GV) densities of supragranular neo-Timm's staining. Statistically significant results (P < 0.05) showed the following. (i) Autopsy hippocampal neuron densities for the hilus (H), AH and prosubiculum (Pro) decreased logarithmically at the same time as the thickness of the stratum pyramidale and Pro increased. By contrast, autopsy granule cell densities and thickness did not significantly change with age; however, the SG lengthened-expanding around the enlarging H. Further, the supragranular molecular layer height increased logarithmically, and took longer than the increase in stratum pyramidale thickness. (ii) Compared with age-matched autopsies, young children with a history of hippocampal seizures showed decreased granule cell, hilar and regio superior neuron densities similar to adults with hippocampal sclerosis (average loss 70%). By contrast, children with extra-hippocampal congenital or acquired pathologies showed only decreased granule cell densities, along with a thinner and shorter SG. Compared with extra-temporal locations, those with temporal lobe lesions showed decreased hilar and AH neuron densities, but averaged 20-30% less than autopsies and not in the pattern typical of hippocampal sclerosis. (iii) The neo-Timm's GV densities, when compared with autopsies, showed supragranular mossy fibre sprouting in children with congenital pathologies and temporal lobe lesions; however, the greatest GVs were in children with hippocampal seizures. (iv) Of the children with extra-hippocampal congenital or acquired pathologies there were no statistical correlations between longer duration of seizures with changes in neuron densities, hippocampal heights, or mossy fibre sprouting. These results indicate the following. (i) In the human there is anatomical evidence for postnatal maturation of the hippocampus and our results are consistent with the notion that AH pyramids are a stable population; however, there are probably increases in granule cell numbers. Further, compared with the AH, dendritic maturation of the FD granule cells appears to take longer. (ii) Extra-hippocampal childhood seizures whether from prenatal or postnatal aetiologies are associated with moderate FD and minimal AH neuron losses and signs of aberrant mossy fibre sprouting. (iii) By contrast, young children with the syndrome of mesial temporal epilepsy show patterns of neuron loss and mossy fibre sprouting, typical of hippocampal sclerosis. (iv) Repeated extra-hippocampal childhood seizures are not associated with progressive evolution of hippocampal damage or mossy fibre sprouting. These findings support the hypothesis that childhood seizures can damage or alter the postnatally developing granule cells of the human hippocampus, and that early neuron loss and aberrant axon circuits may contribute to chronic hippocampal seizures. However, repeated childhood generalized seiz